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Objective
To investigate and analyse the different ways surgeons communicate with bedside assistants during robot-assisted surgery (RAS).
Methods
We retrospectively reviewed video and audio recordings of 26 RAS procedures (23 prostatectomies and three cystectomies). Three cameras and eight lapel microphones were used to record the operating theatre environment. We identified five common tasks and categorized them into 'specific', 'nonspecific' and 'unclear' categories. We also determined the frequency, time to execute the task, inconveniences and acknowledgements associated with each category. The most efficient category was the one that took the shortest duration to accomplish and was associated with the fewest inconveniences.
Results
A total of 1 000 requests were made by three surgeons for six bedside assistants by three surgeons. The five identified tasks were: instrument change; clipping; suction; irrigation; and retraction. For instrument change, non-specific requests were the most frequent compared with the other categories (77% vs 18% vs 5%; P < 0.001). For suction, specific requests were the most frequently used of the three categories (73% vs 27% vs 0%; P < 0.001) and this task was associated with the fewest inconveniences (38% vs 62%; P = 0.01). For clipping, irrigation and retraction, both specific and non-specific requests were similar in terms of their frequency, action time and inconveniences. Comparing complete vs incomplete requests, incomplete requests had significantly shorter median action time (5 vs 8 s; P < 0.001) but did not significantly differ in terms of inconveniences and acknowledgement.
Introduction
The use of robot-assisted surgery (RAS) has dramatically increased over the past decade [1] . RAS offers improved peri-operative outcomes, such as reduced blood loss, fewer blood transfusions, shorter hospital stay and quicker recovery, without jeopardizing outcomes [2] . For surgeons, the robot provides improved dexterity, shorter learning curves, superior precision and visualization, and better accessibility to deeper anatomical locations compared with the open approach [3] ; however, the introduction of any new technology like RAS also brings new challenges; the operating theatre environment and the spatial arrangement of the patient and the surgical team is different from those of the traditional open approach [4] [5] [6] . Cluttering of equipment, wires and the remote placement of the surgeon at the surgical console away from the patient and surgical team may change the dynamics of communication and may affect some interpersonal cues among the surgical team [5, [7] [8] [9] .
In this context, we sought to investigate and analyse the different ways surgeons communicate with bedside assistants during RAS, and identify the most efficient way (in terms of time and inconveniences) of communication among members of the surgical team.
Methods
The Applied Technology Laboratory for Advanced Surgery (ATLAS) programme at Roswell Park Cancer Institute initiated the 'Techno-Fields' Project in 2013 to analyse and optimize team interactions in the operating theatre during RAS (I 244113). The operating theatre was equipped with a digital data collection system customized by a team of surgeons and engineers. Three aerial views of the operating theatre environment were recorded with three Internet Protocol cameras. Intra-operative recordings of the console feed were also obtained to provide operative context. Each member of the surgical team had a lapel microphone. All participating operating theatre personnel and patients involved in the study were consented. Recording started after timeout (to ensure anonymity of patients) and ended after undocking the robot. All recordings were synchronized via movie editing software (Adobe Premiere Pro CS6) and analysed in video coding software (Noldus Observer XT 12). The detailed methodology of recording and analysis has been previously published [5] . Videos were rated by four trained interns; all raters were trained on the analysis methodology. The raters watched a 30-min sample video and compared their findings. The video was watched multiple times until concordance of at least 0.75% was reached. Data were matched in terms of frequency, number of inconveniences and acknowledgements.
Initially, 10 common tasks were identified: instrument change; irrigation; clipping; camera-related tasks; suction; pneumoperitoneum change; cutting; stapling; suturing; and retraction. Five of the tasks did not exhibit significant variability and were therefore eliminated. The final analysis included five tasks: instrument change; irrigation; clipping; suction; and retraction.
Tasks were categorized into groups according to the amount of information included within the request: specific (specifying the direction and location); non-specific (without specifying either the direction or the location); and unclear (using ambiguous wording) ( Table 1 ). Categorized requests were described and compared in terms of frequency of utilization, time taken to execute the task (measured from the end of request until the initiation of the task), inconveniences (repeated requests, required further clarification, or resulted in frustration) and whether the request was verbally acknowledged by the bedside assistant or not. Further categorization into complete (included a comprehensive detailed request; specific requests only) or incomplete groups (missing instructions; non-specific and unclear) was performed and these were compared among surgeons included in the study. The most efficient request was defined as the request that took the shortest time to execute and was associated with the fewest inconveniences.
Descriptive statistics were used to illustrate the data. Comparisons were performed using Wilcoxon rank-sum and chi-squared tests, as appropriate. Logistic regression was used to test for the effect of complete commands and acknowledgement of commands on the probability of inconveniences and repetitions. Statistical significance was set at P ≤ 0.05 and all tests were two-sided. All statistical analysis was performed using SAS 9.4; SAS Institute Inc., Cary, NC, USA.
Results
The final analysis included 23 robot-assisted radical prostatectomies and three robot-assisted radical cystectomies (~66 console h). Each console hour required~2 h of analysis. Three attending surgeons, three physician assistants and three scrub nurses participated in the study. The final analysis comprised 1 000 requests (mean [range] 333 per procedure) for the five tasks. Among all tasks, a total of 166 requests (17%) were associated with inconveniences, and clipping was associated with the most (n = 81, 33%). Fourteen percent of the requests were acknowledged, and this proportion did not differ by task (Table 2) .
For instrument change, non-specific requests (including the name of the instrument or specifying the arm) were the most frequent among the three categories (77% vs 18% vs 5%;P < 0.001) and trended towards a shorter time to complete (P = 0.07; Table 3 ). There were no significant differences in terms of the number of inconveniences (P = 0.12) or proportion of requests acknowledged (P = 0.81). For clipping, all categories were similar across all four measures. For suction, specific requests were the most frequently made (73% vs 27% vs 0%; P < 0.001) and were associated with a significantly lower level of inconveniences (38% vs 62% vs 0; P = 0.01), but did not significantly differ in action time (P = 0.26) and acknowledgements (P = 0.07). Non-specific requests for irrigation were used interchangeably (P = 0.08) and were similar in terms of action time (P = 0.14), inconvenience (P = 0.75) and acknowledgement (P = 0.51). Requests for retraction did not significantly differ among specific, nonspecific and clear categories (P = 0.40) and they were similar in terms of action time (P = 0.76) and inconveniences (P = 0.62). Specific retraction requests were acknowledged significantly more often (50% vs 28% vs 22%; P = 0.02 [ Figs. 1,2] ).
Complete comprehensive requests were made 47% of the time (n = 466; Fig. 3 ). A significant difference in total action time was found between complete and incomplete requests (median [interquartile range] 8 [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] s vs 5 [2-11] s; P < 0.001). There were no significant differences in terms of inconveniences (P = 0.57) and acknowledgments (P = 0.72).
Comparing requests by surgeons, Surgeon 1 made the fewest requests per surgery compared with Surgeons 2 and 3 (32 vs 43 vs 60 requests/surgery). There was no significant difference in terms of using complete requests (P = 0.24), number of inconveniences (P = 0.46), or acknowledgements (P = 0.72; Fig. 4 ).
Discussion
The Institute of Medicine report in 2000, 'To Err is Human: Building a safer health system', recognized communication as one of the key means of improving surgical efficiency and patient safety [20] . Many other industries apart from healthcare have significantly reduced the risk of human error by addressing key aspects of human factors, most importantly communication. In the airline industry, standardized communication protocols have almost eliminated adverse events as a result of human error [13] . Attempts to implement some of these strategies in the medical field were previously attempted [21, 22] . Leading healthcare authorities, including the Agency for Healthcare Research and Quality and the Department of Defence, recognized the importance of team training and communication and have invested significant resources in developing 'Team Strategies and Tools to Enhance Performance and Patient Safety' (TeamSTEPPS). TeamSTEPPS was designed to be a universal tool that can be implemented in any healthcare setting. The tool provides training in four critical core competencies: leadership; situational monitoring; mutual support; and communication [23] . The training provides a framework for communication [24] . Although TeamSTEPPS helped optimize the operating theatre and improve communication and teamwork, tools to objectively measure and quantify adherence to these core competencies are lacking [24, 25] .
Communication in RAS is challenging because of the congestion of equipment and the altered operating theatre dynamics, with isolation of the surgeon on the console away from the patient and the bedside assistants [4, 5, 7, 26] 
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© 2018 The Authors BJU International © 2018 BJU International ambiguity and lack of efficient exchange of information [23] ; however, a team with a shared mindset, high familiarity and experience would be able to anticipate and prepare for the surgeon's requests and operate as effectively using non-verbal means [5, 14] . This is further supported by previous reports in both open and RAS which showed that non-verbal cues can support or even replace verbal exchanges, especially for coordinated team actions [7, 27] . Further research is needed to confirm these findings. To our knowledge, the impact of how the surgical team interacts and communicates on patient safety has not been critically studied within the RAS operating theatre environment. Our findings provide an initial understanding of the RAS communication process, and show that non-technical skills can be effectively and objectively quantified and measured.
Identifying the ideal method for communication in RAS is crucial to improve surgical workflow, minimize risk of human errors, and improve patient safety [28] . Making more specific requests and including either the location or the side on which the surgeon needs assistance translated into faster action and a lower number of inconveniences and repetitions. Inconveniences have been previously shown to adversely affect the surgical team's cognitive workload and performance, and may also predispose to latent and near-miss events [29] . Requests acknowledged by the bedside assistance had significantly longer total action times (P < 0.001), but the absolute difference (3 s) was not very long. Acknowledged requests were associated with higher number of inconveniences. Ambiguous requests, where bedside assistants were not sure about the nature of the task, involved asking for additional clarification, which in turn requires an acknowledgement to make sure the correct information was conveyed. Another significant finding is that inconveniences occurred almost half of the time regardless of the request used for 'clipping', a concerning finding that requires further research into the cause of communication breakdowns for this particular task and identification measures to eliminate it.
Examining non-technical skills in the operating theatre sets the platform for standardized communication during RAS. Clear, comprehensive and closed-loop communication is a step towards establishing a standardized taxonomy for RAS that enhances team performance. An efficient request should be clear, include specific instructions regarding site and/or direction depending on the task performed, and be acknowledged by the recipient. Standardized communication can be promoted through structured team training. This would help improve the efficiency of RAS and minimize human errors, which in turn promotes patient safety.
Despite the uniqueness of the present study, it has several limitations. The validity of observational studies is often questioned because of the potential that the observations can affect the behaviour of participants. In the present study, we believe this effect to be small as surgeries have been recorded routinely for a significant period of time and cameras were placed in non-intrusive locations. While there were some 'blind spots' on the video, these were limited as multiple cameras were used and these were positioned strategically.
To our knowledge, this is the first study to provide a comprehensive detailed analysis of how the surgical team communicates in the operating theatre during RAS. It lays a foundation for universal standardization of communication to improve surgical efficiency and patient safety.
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